The two major transcriptional start sites of the mouse ribosomal protein L7a gene (rpL7a) (formerly Surf-3) have been mapped to two cytidine residues separated by 4 bp embedded in a polypyrimidine tract of 21 bp. The rpL7a gene contains a small first exon (25 -29 bp) and a small 5' untranslated leader sequence (22 -26 bp). Its transcriptional start sites are not preceded by a canonical TATA box motif and its 5' end is located in a CpG-rich island. These are all features found associated with the five other functional mammalian ribosomal protein genes which have been previously characterized. The mouse rpL7a gene is found within a very tight cluster of six genes associated with 4 CpGrich islands located in 32 kb of genomic DNA. Unique DNA probes located both upstream and downstream of the mouse rpl_30 and rpL32 genes used on Southern blots of mouse DNA cleaved with a variety of CpG-rich island specific restriction enzymes did not detect CpGrich islands in the close vicinity of these ribosomal protein genes. Thus the clustering of CpG-rich islands associated with rpL7a does not appear to be a general feature of mammalian ribosomal protein genes.
INTRODUCTION
The actively transcribed mouse gene which encodes the ribosomal protein L7a (rpL7a) (1) is located in the Surfeit locus (2) which contains a very tight cluster of at least six genes (3) (see Fig.  1 ). The rpL7a gene (formerly Surf-3) was initially shown to be an expressed intron-containing gene which was a member of a multigene family whose other members are processed pseudogenes (4) and later identified as the gene encoding the ribosomal protein L7a (1). No more than 73 bp separates the four well characterized Surfeit genes (Surf-1 to -4) making the Surfeit locus a unique organization amoung known mammalian gene clusters (Fig 1) (3) (4) (5) (6) . Surf-1 to -4 are unrelated by DNA or protein sequence (3) (4) (5) indicating that the cluster has not arisen by recent gene duplication. Although Surf-3 has been identified as the rpL7a gene and the other Surfeit genes analyzed are ubiquitously expressed (2), they probably do not encode ribosomal proteins because they are unique genes rather than members of multigene families and are expressed at relatively low levels (2, 3, 5) . The functional significance of the clustering of the genes in the Surfeit locus has not yet been elucidated.
In this communication we have characterized the 5' end of the mouse rpL7a gene and mapped the two major transcriptional start sites of the rpL7a mRNA. This analysis shows that the rpL7a gene is similar to other mammalian ribosomal protein genes in some features of its 5' end. In addition we have addressed the functional significance of the cluster of genes around the rpL7a gene by investigating whether such clusters occur around other functional ribosomal protein genes. A survey of the RNA polymerase II transcribed genes in the GenBank DNA sequence data bank (7) has shown that CpG-rich islands are located at the 5' ends of ubiquitously expressed (housekeeping) genes and a number of tissue specific genes. Furthermore, CpG-rich islands can be located by the presence of cutting sites for a number of restriction enzymes that only infrequently cleave mammalian DNA (8) and we have used this method to determine whether clusters of CpG-rich islands, and hence probably housekeeping genes, also occur around the functional genes for the rpL30 and rpL32 mouse ribosomal proteins.
MATERIALS AND METHODS

DNA Sequence Analysis
Restriction enzyme fragments were subcloned into either M13mpl8 or M13mpl9 and sequenced using the Sequenase kit and protocols suggested by the manufacturer (United States Biochemical Corp.). The DNA sequence was manipulated using the Intelligenetics suite of programmes.
Primer Extension
Total cellular RNA was prepared by the guanidinium-CsCl method and poly(A) RNA was selected on oligo(dt)-cellulose as previously described (9) . The oligonucleotide for primer extension was made by Ian Goldsmith of the Imperial Cancer Research Fund and was end labeled with TI] ATP using T4 polynucleotide kinase. The primer extension was carried out as previously described (5) using RNA from BALB/c TS-A-3T3 cells (10) . The products of the reaction were visualized by autoradiography after fractionation on a denaturing polyacrylamide gel. 
DNA amplification by PCR
The PCR reaction mixture contained 2 /tg of LTK~ mouse cellular DNA, 200 /*M of each dNTP, 1.0 /tM of each primer, 2.5 U Taq polmerase (Perkin-Elmer Cetus), 50 mM KC1, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 , 0.1% (w/v) gelatin in 100 nl. The PCR reaction was carried out in a programmable Dri-Block (Techne) and consisted of 30 cycles of 2 mins at 94°C, 2 mins at 59°C and 9.9 mins at 70°C followed by an additional 9.9 mins at 70°C. The products of the PCR reaction were fractionated on a 1.0% low melting agarose gel after which the bands were excised, phosphorylated and ligated into Smal cleaved dephosphorylated bluescript plasmid (Stratagene).
Pulsed Field Gel Electrophoresis and Southern Blotting Cellular DNA was prepared in low melting agarose blocks and digested with restriction enzymes (11) . Pulsed field gel electrophoresis was carried out with a Pulsaphore unit (LKB Instruments Inc) with a hexagonal adaptor. The gels were run at 170 V with a pulse time of 30 seconds for 48 hr. Concatermerized lambda DNA (Clontech) was used as size markers. The DNA was transferred to Genescreen Plus (Du Pont) (12) and hybridization and washing were carried out as recommended for Genescreen Plus by Du Pont.
RESULTS
Identification of the transcriptional start sites of the rpL7a gene and the association of its 5' end with a CpG-rich island
The sequence of the cDNA of the mouse rpL7a (Surf-3) gene and its intron/exon structure has been previously reported (4) . In order to determine the position of the start(s) of transcription a primer extension analysis was carried out using the 30 bp oligonucleotide, 5 '-CCCTTGGCCTTCTTCCCTTTGGGC-ATCTTG-3' (the 3' end of this oligonucleotide is located at nt 23 in Fig. 3 ) which is complementary to the mouse rpL7a mRNA. Fig. 2 shows the two specific primer extension products of 48 bp and 52 bp in length that were produced after the oligonucleotide was hybridized to poly(A) + RNA from BALB/c TS-A-3T3 mouse cells. The location of two major start sites at cytidine residues separated by 4 bp detected by primer extension was confirmed by RNase protection and the upstream start site is numbered 1 in Fig. 3 . The two starts of transcription of the intron-containing rpL7a gene are located within a few nucleotides of the 5' ends of the processed rpL7a pseudogenes previously analyzed (4) .
The DN A sequence both upstream of the start of transcription and in the first intron of the mouse rpL7a gene was determined and is presented in Fig 3. The two start sites of transcription of rpL7a are embedded in a run of 21 consecutive pyrimidine residues and a canonical TATA box motif is not present 25 to 30 bp upstream from these transcriptional start sites. Sequences which match the consensus binding sites of the transcription factors SPl (13) , and PEA2 (14) are present upstream from the rpL7a start sites (Fig 3) . The rpL7a gene contains a small first intron of only 25-29 bp and a small untranslated region of 22-26 bp. Inspection of the sequence around the rpL7a transcription start sites reveals that it is very G+C rich (68%) and contains the two SacII and single Narl restriction sites previously used to define the CpG-rich island in this region (2,3).
CpG-rich islands around the rpL30 and rpL32 genes As the rpL7a gene is typical of mammalian ribosomal protein genes in being a member of a multigene family of predominantly processed pseudogenes (4) , and in the sequence and structural features of its 5' region (see above), it was of interest to know whether being located in a cluster of CpG-rich islands is also a genera] feature of other mammalian ribosomal protein genes. In order to address this question DNA probes from the mouse ribosomal protein L30 and L32 genes were generated using the Polymerase Chain Reaction (PCR) and cloned into bluescript (Stratagene). These DNA fragments were then used to probe Southern blots of restricted mouse genomic DNA to detect the presence of neighbouring CpG-rich islands. Two or more clustered cleavage sites for any of the enzymes BssHII, EagI, Nael, Narl, NotI, SacII or Smal was taken as indicative of the presence of a CpG-rich island.
The previously determined sequence of the mouse rpL30 gene (15) shows a CpG-rich island with a SacII recognition site at nt -226. One PCR generated fragment, called '5'L30' spans nts -438 to -227 of the rpL30 sequence, and another, called '3'L30' spans nts 181 to 461. Southern blots of mouse genomic DNA digested with BamHI and with double digests of BamHI with the CpG-rich island specific enzymes BssHII, EagI, Nael, Narl, NotI, SacII and Smal were probed with the 5'L30 and 3'L3O fragments. Both probes detected the same large, unique BamHI fragment which contained SacII and Smal cleavage sites as expected from the determined rpL30 sequence (15) . The probe 3'L3O gives a SacII to BamHI fragment of about 2.0 kb indicating that the expected SacII site is present and unmethylated (data not shown). The predicted position of the Smal site is beyond the 5' end of the determined rpL30 sequence (15). The two probes were then used to locate neighbouring CpG-rich islands by probing Southern blots of genomic DNA digested with the rare cutting CpG-rich island specific enzymes. On a Southern blot of a gel in which fragments generated with the rare cutting enzymes of up to 30 kb in size could be resolved, no discrete fragments were observed indicating that the fragments generated by these enzymes are larger than 30 kb. Pulsed field gel electrophoresis was used in order to resolve DNA fragments larger than 30 kb. As shown in Fig. 4a both rpL30 PCR probes detect the same very large EagI, BssHII and Nael fragments. The 3'L30 probe also detects a 50 kb Smal fragment and 250 kb SacII and Smal fragments. A long range map of the DNA around the rpL30 gene derived from these experiments is shown in Fig. 4a . Clearly the mouse rpL30 ribosomal protein gene does not lie in a cluster of CpG-rich islands.
A similar analysis was carried out for the mouse rpL32 ribosomal protein gene whose sequence has also been previously determined (16) . The rpL32 sequence shows a CpG-rich island at the 5' end of the gene with BssHII sites at nt -21 and nt 152, a SacII site at nt 76 and a Smal site at nt 191. PCR was used to generate a fragment, called 5'L32, which spans rpL32 nts -350 to -39. The 5'L32 PCR probe was used to probe a Southern blot of genomic DNA digested with BamHI and with double digests of BamHI and the seven island specific enzymes (BssHII, EagI, Narl, Nael, NotI, SacII, Smal). A large BamHI fragment was detected which could be cleaved with either BssHII or SacII or Smal as expected (16) . When mouse genomic DNA was digested with the island-specific enzymes alone and fractionated on a Southern blot resolving fragments of up to 30 kb in size, no discrete fragments were observed indicating that the fragments generated by these enzymes are also larger than 30 kb. On a pulsed field gel of genomic DNA digested with the rare cutting enzymes a number of fragments were observed; 300 and 400 kb EagI fragments, 325 and 400 kb SacII fragments, a 325 kb BssHII fragment, 200 and 325 kb Nael fragments and a very large NotI fragment as shown in Fig. 4b . These results show that the rpL32 ribosomal protein gene, like the rpL30 gene (see above) is not located in a cluster of CpG-rich islands.
DISCUSSION
The mouse rpL7a gene is one of only six functional introncontaining ribosomal protein genes to have been cloned and sequenced out of a total of 80-100 mammalian ribosomal protein genes. The other five cloned and sequenced intron-containing ribosomal protein genes are mouse rpL30 (15) , mouse rpL32 (16), mouse rpS16 (17), human rpS14 (18) and human rpS17 (19) . Comparison of the 5' regions of these five ribosomal protein genes has shown that they all share a number of common features (20) which rpL7a also shares. The L7a gene contains a small first exon of 25 -29 bp and a small untranslated leader of 22 -26 bp. Four out of the five other ribosomal protein genes contain a very small exon of less than 46 bp (rpS16 being the exception with a slightly larger first intron of 101 bp) and all five genes contain a small untranslated leader of between 25 to 69 bp. The transcriptional start sites of L7a are at cytidine residues embedded in a polypyrimidine tract of 21 bp. The transcription start sites of the five other rp genes are all located in polypyrimidine tracts of at least 11 bp in length (15 -19) and in the case of mouse rpS16 this polypyrimidine tract has been shown to play a role in determining the location of the transcriptional start site (21) . None of the six ribosomal protein genes are preceded by a canonical TATA box motif. At nt -26 to -19 of the rpL7a gene there is an A+T rich sequence TTACTTAT which corresponds to A+T rich sequences found at similar positions in other ribosomal protein genes (20) and in the case of mouse rpS16 this sequence has been shown to bind a factor which is not TFITD but which can be replaced by ThUJJ (21) . An Spl consensus site (13) is located at -169 to -164 in the 5' upstream G+C rich sequence of rpL7a (Fig 3) . Spl sites are also found in a similar position in the 5' upstream G+C rich sequence of the mouse rpS16 and human rpS17 genes but the presence of Spl sites in this location is not a common feature of all mammalian ribosomal protein genes as no such sites are found in similar positions in the 5' upstream G+C rich sequence of the human rpS14, mouse rpL30 and mouse rpL32 genes. In addition there are no sequences in the rpL7a 5' region which match the factor binding sites upstream from the transcriptional start sites or within the first exon previously described for the mouse rpL30 and rpL32 genes (20, 22, 23) . We are currently determining the cis-acting sequences and trans-acting factors required for effecient rpL7a gene expression. Although the definition of the strong 'housekeeping' promoters of the mammalian ribosomal protein genes is of great interest so far no transcription factor binding sites have been identified which are consistently found in the 5' ends of all the mammalian ribosomal protein genes studied.
The 5' ends of the five previously cloned mammalian ribosomal protein genes all lie in CpG-rich islands, characterised by a C +G content greater than 60%, no underrepresentation of the CpG dinucleotide and cleavage sites for one or more of the restriction enymes BssHE, EagI, Nael, Narl, SacII and Smal (8) . The rpL7a gene has been found to lie in a very tight cluster of 4 CpG-rich islands located in just 32 kb of DNA as shown in Fig 1 (2, 3) . The rpL7a 5' region is associated with one of these CpG-rich islands which is 68% C+G, is not underrepresented in the frequency of CpG dinucleotides and contains two unmethylated SacII and one Narl restriction enzyme cleavage sites (Fig 3) (2,  3) . The human rpL7a gene is also found in a cluster of CpGrich islands (J. Yon unpublished results). It was of interest to determine if other mammalian ribosomal protein genes are also located in CpG-rich island clusters. Long range mapping analysis shows that there is no cluster of CpG-rich islands around the mouse genes for rpL30 and rpL32 (Fig 4) indicating that such clusters are not a general feature of mammalian ribosomal protein genes
